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(g) Tone display method and apparatus therefor. 

(57) In a display device of pictures, etc., an adequate brightness of pictures to be displayed is realized by 
varying the luminous times of the luminous elements (30; Rg. 40) constituting a display panel (3). The 
luminous elements receive multiple-bit codes representing levels of brightness from signals to be 
displayed Time corresponding to a field of television signals is divided into a plurality of sub-field of 
television signals is divided into a plurality of sub-fields corresponding to the bits of a multiple-bft code. 
The plurality of sub-fields have lengths of time proportional to weights of the corresponding bits. The 
luminous elements show different levels of brightness in sub-fields corresponding to bits, having values 
of "1" or "0*. of a multiple-bit code. For each luminous element, the time interval (Tm) from 8 light 
emission start time in a sub-field where the first light emission occurs in a time corresponding to a field 
tBl a light emission start time in a sub-field where the last light emission occurs in a time corresponding 
to a field is made shorter than the critical fusion period of the perception characteristic of human eyes. 
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TONE DISPLAY METHOD AND APPARATUS THEREFOR 



This invention relates to a method of tone display 
and its display device, and more particularly to a 
method of tone display and Its display device for 
achieving suitable brightness of displayed pictures, 
that is, fine tone display of brightness in display 
devices of pictures, etc by controlling the luminous 
times of luminous elements corresponding to the 
pixels. 

As a brightness control method of luminous ele- 
ments corresponding to the pixels, there is a known 
method of tone display by controlling the luminous 
times of the luminous elements. For example, a mem- 
ory type plasma display Is described In "A Proposal of 
the Drive Method for TV Using AC Type Plasma Dis- 
play Panel", T. Kaji et al., ITEJ Technical Report Vol. 
IT72-45 (1973-03), pp.1-10. This method Is to use a 
multiple-bit code to represent a fixed luminous time 
(say, one field of television signals, le. 1/60 sec.) To 
be more specific time Is distributed to the bits of a 
multiple-bit code In proportion to bit weights, and light 
emission or no light emission at the respective bits of 
the multiple-bit code of brightness is selected for each 
pixel, thereby controlling the gradation of brightness. 
As literature about television using tone display by 
time division, there are "A Color TV Display Using 8- 
Inch Putee Discharge Panel with Internal Memory", H. 
Murakami et al., and "Recovery of Capacltive Power 
Loss In Townsend Discharge TV", A. Kohgami et el.. 
ITEJ Technical Report Vol. 13, No. 58 (1989), pp. 7- 
12. 

As shown In Fig. 13, Murakami et a!., divide time 
corresponding to a field into eight sub-fields, which 
are equally spaced. The respective sub-fields are 
arranged to correspond to the bits (b7 to bO) of a mul- 
tiple-bit code representing the brightness of each 
pixel. At least in a selected sub-field of a multiple-bit 
code, the luminous elements are made to emit light on 
the display screen for a time corresponding to the 
weight of the sub-field. 

As presented in Fig. 14, Kohgami etal. divide time 
corresponding to a field into eight time domains (bO to 
b7) such that the eight time domains have the lengths 
of times corresponding to the weights of the bits of a 
multiple-bit light emission code. Over the whole time 
of at least a selected sub-field of a multiple-bit code, 
the luminous elements are made to emit light for dis- 
play. Incidentally, the lines of the bits of Fig. 13 are 
shifted by 1 H (horizontal scanning time) from one 
another, since pulses for selecting lines are given a lit- 
tle shifted line after line so that two lines are not selec- 
ted at the same time. 

It has been clarified that in the prior art mentioned 
above, a disturbance such as a flicker occurs in tone 
display when the displayed picture is large, or the 
brightness is high or there is some movement in the 



picture. More specifically, when the display method of 
Fig. 1 3 is used, since the luminous time In one field is 
short, the displayed picture is dark, and therefore, In 
5 adequacy in tone display is not conspicuous. When 
the display method of Fig. 14 is used, no more than 
120 scanning lines are displayed, detail of the picture 
is not observed visually, so that an inferior quality In 
tone display is not conspicuous, either. However, it 
10 has been made clear that when those methods were 
used in a large-sized gas-discharge television 
receiver with a 40-Inch class screen, pictures were 
displayed so that the highest brightness Is more than 
50 FL (« ITIdc/m 3 ), and as a result, a notable disturb- 
16 ance occurs in the tone display In moving pictures. 

To be more concrete, when a person's face Is 
shown, for instance, a white streak runs along the 
cheek when the face moves. In other words, in a 
smooth tone display, when something moves in a 
20 moving picture, e streak occurs In some place, as If a 
tone bit is missing, a peculiar phenomenon that does 
not appear with the display elements of a conven- 
tiona) cathode-ray tube, for example, and this gravely 
impairs the picture quality of television. 
25 An object of this invention Is to provide display 
method and device with reduced disturbance in tone 
display in a display device showing a tone by varying 
the luminous time of the luminous elements. 

In order to achieve the above object, according to 
30 this inve ntion, in a method of tone display for showing 
the gradation in brightness by converting signals to be 
displayed into binary-code signals of multiple bits for 
the pixels, and varying the luminous times of the lumi- 
nous elements in e time corresponding to-a field of 
35 television signals, for the luminous elements the time 
interval from the light emission start time at the bit 
where the first light emission occurs in a time corre- 
sponding to a field til) the light emission start time at 
the bit where the last light emission occurs in a time 
40 corresponding to the next field is made shorter than 
the critical fusion period of the perception characteri- 
stic of human eyes. The critical fusion period here is 
meant a period in which a flicker becomes unrecog- 
nizable when light emission and no light emission of 
45 the luminous elements are repeated with a fixed 
brightness in a fixed time. 

It Is also possible to divide at least a bit, of multiple 
bits constituting a binary code mentioned above into 
two or more time domains and make the luminous ele- 
50 merits emit light at the separated time domains. A dis- 
play device for embodying the above-mentioned 
method operates as follows, in a display device com- 
prising an encoder circuit for converting a signal to be 
displayed into a multiple-bit code, luminous elements 
55 for being turned ON and OFF, and light emission con- 
trol means for controlling light emission or no light 
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emission of the luminous elements according to time 
distributed in proportion to the weights of the bits con* 
stituting a binary code mentioned above, the light 5 
emission control means for the luminous elements is 
arranged such that for the luminous elements the time 
Interval from the start time of light emission at the bit 
where the first light emission occurs in 8 time corre- 
sponding to field till the light emission start time at the to 
bit where the last light emission occurs in a time cor- 
responding to the next field Is shorter than the critical 
fusion period of the perception characteristic of 
human eyes. It is also possible to divide at least one 
bit of multiple bits constituting a binary code men- is 
tioned above into two or more time domains and make 
the luminous elements emit light at separated time 
domains. In a picture display device having a mul- 
titude of luminous elements arranged therein, for 
example, there is further provided scanning means for 20 
selecting luminous elements which are operated by 
ON/OFF control. 

In the above-mentioned critical fusion period of 
the perception characteristic of human eyes, the aver- 
age brightness required of the display device is more 25 
than 50 1L. For the reason to be described later, the 
critical fusion period is preferably 20 msec or less. 
Reducing the critical fusion period to the vicinity of 20 
msec will decrease the disturbance in tone display. 

When time corresponding to at least one bit of so 
multiple bits constituting a binary code is divided into 
two or more time domains for light emission during 
display operation, the bit is divided by considering ff 
the device can be configured easily when such a way 
of bit divisions done and how the disturbance in tone 35 
display is reduced. Which bits are selected and how 
display time domains are arranged are decided taking 
into consideration the ease with which the device is 
configured and effects of reduction of the disturbance 
in tone display. A preferred embodiment is that the 40 
most significant bit or a few high-order bits, which 
have a long luminous time, are divided and moved to 
separate positions. The typical way of dividing time is 
to divide ft into equal time domains. Or otherwise, all 
bits are bisected and the same binary code is used 45 
twice for tone display in a time corresponding to a 
field. 

A typical display device according to this inven- 
tion is a gas discharge type television set using gas 
discharge luminous elements having a memory tunc- so 
tion but is not limited to this type of television set 

The principle of this invention will now be des- 
cribed. The above-mentioned disturbance in tone dis- 
play was found to result from an instantaneous flicker 
in a specific pattern by a conventional time-division 55 
tone display. This will be described by using the 
method of tone display by Kohgami et al. shown in Fig. 
14. 

In the method of tone display by 256 different 
levels (8 bits) of brightness of Rg. 14, at the 127th 



level, for example, bits bO to b6, the first half of one 
field, contribute to light emission, and at the 128th 
level, one level up, bit b7, the second half of the next 
field contributes to light emission. In other words, by 
a rise by only one level of the 256 tones, the bit posi- 
tion contributing to light emission greatly changes 
from the first half to the second half between the two 
fields. The instantaneous light emission period in this 
case is from the light emission start time at bit bO of 
one held to the light, emission start time at bit b7 of the 
next field. The time interval is 25 msec. If the 25 msec 
is a period at which a flicker is observed, this gives rise 
to a disturbance is tone display. If a moving picture is 
being shown, the disturbance in tone display spreads 
from cell to cell In the picture, so that the viewer notes 
the flicker as a streak by vision dearly. 

The principle of the method of time-division tone 
display including the flicker will be described. As des- 
cribed in Television Handbook, Part 1, Section 3.4, p. 
55, it has been known asTalbot-Platea'6 law that if the 
brightness U is displayed fort) second and the bright- 
ness L 2 for t 2 second alternately and repeatedly, the 
visual sensation of lightness as the perception 
characteristic of human eyes is given by 



tiLi + t2L2 
L = ti + t 2 

However, the required condition under which this law 
holds is when a flicker is not observed (referred to as 
a case of fusion). Rg. 1 5 shows measurement results 
of the periods at which a flicker became unobservable 
by changing the length of period when the brightness 
was changed by varying the length of time of white- 
color display light emission with a memory type gas 
discharge television set (This period is referred to as 
the critical fusion period). In Fig. 5, the upper broken 
line indicates the time interval of light emission start 
times from the first bit (b7) in one field to the last bit 
(bO) in the next field by the method of tone display of 
Fig. 13. (In the example of Fig. 13, time corresponding 
to one field is divided into eight equally divided sub- 
fields.) The lower broken line of Rg. 15 indicates the 
time interval of light emission start times from the first 
bit (bO) in one field to the last bit (b7) in the next field 
by the method of tone display of Rg. 14. (In the 
example of Fig. 14, time corresponding to one field Is 
divided into eight bits at a ratio of 1 : 2 : 4 ... : 128). As 
is evident from Fig. 15, in the methods of tone display, 
the time interval from the first bit in one field to the last 
bit of the next field is longer than the critical fusion 
period when the brightness is several fL or more. 
Therefore, if the light emitting condition at the respec- 
tive bits changes as in a moving picture, an instan- 
taneous flicker is observed particularly in a light 
picture, giving rise to a disturbance In tone display. 
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and making the picture quality unsatisfactory. 

On the other hand, in a method of tone display 
and a display device according to this invention, the 
time interval from the light emission start time at the 
bit where the first light emission occurs in a time cor- 
responding to one field till the light emission start time 
at the bH where the last light emission occurs in a time 
corresponding to the next field is shorter than the criti- 
cal fusion period of the perception characteristic of 
human eyes, and therefore, there is no possibility of 
disturbance in tone display mentioned above. With 
the methods of Figs. 13 and 14, the utilization rate of 
time for light emission in a field is low, with the result 
that the brightness of a television picture Is low. As a 
countermeasure for this, time allotted to at least one 
bit of multiple bits constituting a binary code is divided 
into two or more time domains to increase chances of 
light emission, and the light emission times of the 
luminous elements are controlled. When television 
signals are displayed, since the light emission times 
for the time domains are dispersed in afield, the bit 
where additional time domains are produced is exc- 
luded from the bits with which the critical fusion period 
is considered. Therefore, the time Interval from the 
light emission start time at the bit where the first light 
emission occurs in one field till the light emission start 
time at the bit where the last light emission occurs in. 
the next field can be made shorter than the critical 
fusion period of the perception characteristic of 
human eves. As a result, almost all of a field time can 
be utilized for light emission. To be more concrete, the 
average brightness required of the display device Is 
50 fL or more, and the critical fusion period of the per- 
ception characteristic of human eyes has only to be 20 
msec or less. 

In the drawings: 

Fig. 1 is a time, chart for explaining a first embo- 
diment of a method of tone display according to 
this invention; 

Fig. 2 is a circuit diagram showing an example of 
a composition of a display device according to 
this invention; 

Fig. 3 is a construction diagram of a gas dis- 
charge panel used in the display device of Fig. 2; 
Fig. 4 shows a cross section of a luminous ele- 
ment used to form a gas discharge panel; 
Fig. 5 Is a voltage waveform diagram for explain- 
ing the operation of the luminous element of Fig. 
4; 

Fig. 6 is a pulse time chart for explaining the first 
embodiment of the tone dispisy according to this 
invention; 

Fig. 7 is a pulse time chart for explaining a second 
embodiment of the tone display according to this 
invention; 

Fig. 8 is a pulse time chart for explaining a third 
embodiment of the tone display according to this 
invention; 



Fig. 9 is a block diagram showing an arithmetic 
circuit for selecting bits in the second embodi- 
5 ment of Fig. 7; 

Figs. 10a and 10b are diagrams showing the 
operation of the arithmetic circuit of Rg. 9; 
Fig. 1 1 1s a pulse time chart for explaining a fourth 
embodiment of the method of tone display 
10 according to this invention; 

Fig. 12 is a circuit diagram for Interpolating one 
set out of two sets of tones of Fig. 11; 
Figs. 13 and 14 are time charts for explaining 
methods of tone display; and 
15 Fig. 15 is 8 diagram showing an example of 

measurement of critical fusion periods. 
Preferred embodiments according to this Inven- 
tion wDI be described with reference to the accom- 
panying drawings. Fig. 1 is a time chart for explaining 
20 the operation of a first embodiment of the display 
method according to this invention. In the first embo- 
diment the scanning line number Is 240, signals to be 
displayed are coded in an 8-bit binary code, 256 
levels of brightness are used. 
25 In Fig. 1 , 240 horizontal scanning lines are shown 
Intervertical direction, while time for two fields (1/60 
sec x 2) of television signals are shown in the horizon- 
tal direction. As is clear from Rg. 1, for the luminous 
elements the whole time of one field does not corre- 
so spond to the maximum light emission time. In other 
words, the light emission time band Is pushed to one 
side of a field, so that the time interval Tm from the 
light emission start time at bit bO where the first light 
emission occurs in one field till the light emission start 
35 time at bit b7 where the last light emission occurs In 
the next field is made shorter than the critical fusion 
period (about 20 msec) of the perception characteri- 
stic of human eyes. The arranged order of bits need 
not be limited to the one shown in Rg. 1. Tne way of 
40 pushing the light emission time band may be either to 
the left or right 

When the arranged order of bits of Rg. 1 is 
reversed to b7, b6, emission start time at b7 in one 
field till the light emission start time at b6 in the next 
45 field is made shorter than the critical fusion period, the 
same effects can be achieved. This mode of embodi- 
ment is possible. 

Rg. 2 is a circuit diagram of an example of a gas 
discharge television set which is a display device 
50 according to this invention. Picture signals G, 8 and 
R, separated into color signals of green (G), blue (6) 
and red (R) of television signals, are converted by A/D 
converters 1-1, 1-2, and 1-3 from analog form Into 
digital signals (binary codes) of eight bits (bO, b1, b2, 
55 b3, b4, b5, b6, and b7), and are stored in a frame 
memory (or field memory) 2. On the other hand, to 
read signals from the frame memory 2, ROM 5 is used 
which is dedicated to generation of timing signals for 
the bits for tone display. This ROM 5 Is operated by a 
counter 4 which counts clock signals CLK. To reset 
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the counter 4,aV (vertical synchronous) signal or if 
necessary, an H (horizontal synchronous) signal of 
television signals are used. The frame memory 2 Is 
read by accessing addresses, where bit signals of the 
scanning tines are stored, by timing of the bits (bO, 
b2, ~ b7) shown In Fig. 1. Bit signals read from the 
frame memory 2 are added to shift registers 8 and 1 1 
of a driver circuit for auxiliary anodes of the luminous 
elements to be described later. The bit signals are 
passed through drivers 9 and 10 for deciding the pulse 
width and for converting to high voltage signals 
necessary to drive the gas discharge panel 3, and are 
applied to the auxiliary anodes S 1( S* .... S,\ S 2 ', S3' 
of the luminous elements constituting the gas dis- 
charge panel 3. 

ROM6 for the cathodes and ROM for the anodes 
respectively apply signals to shift registers 1 3, 14 and 
17, 18 to generate drive signals to drive the anodes 
and the cathodes of the luminous elements constitut- 
ing the gas discharge panel 3 by using output from the 
counter 4. Signals from the shift registers 13, 14 and 
17, 18 are converted by drivers 15, 16 and 19, 20 into 
signals with a required pulse width and high voltage 
signals, and are applied to the anode lead wires A 1( 
A2, A3 ~ A240. A241 A*ao and the cathode lead wires 
Kt» K 2 , K3 ... K24o« ... K480 °f the luminous ele- 
ments constituting the gas discharge panel 3. Those 
ROMs, shift registers, and drivers constitute a driver 
circuit for selecting luminous elements to emit light for 
display. The reason why the gas discharge panel 3 is 
divided into two upper and lower parts is that two 
scanning lines are driven at the same time. 

Fig. 3 is a fragmentary view, on an enlarged 
scale, of the gas discharge panel 3 and shows the 
electrode wiring of the luminous elements. In the gas 
discharge panel 3, a plurality of luminous elements 30 
are arranged In a matrix form, that Is, in rows and col- 
umns. As will be described later by reference to Fig. 
4, a luminous element 30 has three electrodes, an 
anode, a cathode, and an auxiliary anode, and a 
memory function. In Fig. 3, first electrode lead wires 
32 (K 1t K* ~. Ki ) and third electrode lead wires 31 (A,, 
A 2 , — Af ) are laid in the horizontal direction to connect 
respectively to the cathodes and the anodes of the 
luminous elements 30. Auxiliary anode (second elec- 
trode) lead wires 33 (Si, S2, ... ) are laid in the vertical 
direction to connect to the auxiliary anodes S of the 
luminous electrodes 30. As has been mentioned, if 
the horizontal scanning Pine number of the gas dis- 
charge panel 3 is 480 and the panel is divided into 
upper and lower parts and 2-llne-at-a-time addressing 
is used, the auxiliary anode lead wires 33 are sepa- 
rated at the central part of the panel 3. The first elec- 
trode lead wires 32 (K 1f K 2 , ... K|), the third electrode 
lead wires 31 (A,, A 2 , ... A*), and the auxiliary anode 
(second electrode) lead wires 33 (S„ ... ) receive 
drive signals respectively from the the drive 19 (or 20) 
for the cathodes, the driver 15 (or 16) for the anodes, 



and the driver 9 (or 10) for the auxiliary anodes. 
Fig. 4 shows a cross section of a luminous ele- 
5 ment 30. On a base plate 21, there is formed a first 
electrode (cathode) 22 made of Ba, Ni, LaBa, for 
example. On the other hand, on a face plate 28, a third 
electrode (display electrode) 24 is formed by a print- 
ing technique. As shown in Fig. 4, a discharge space 
10 (a display discharge space 25 and an auxiliary dis- 
charge space 27) is formed by stacking many spacers 
which have a hole bored therein. A second (auxiliary) 
electrode is disposed as shown tn Fig. 4. When dis- 
charge (display discharge) occurs between the first 
16 electrode 22 and the third electrode 24, ultraviolet 
rays are generated by a gas (Xe or a mixed gas such 
as Ne-Xe, He-Xe) in the display discharge space 25, 
causing a phosphor to emit light for display. Between 
the first electrode 22 and the second electrode 23, a 
20 so-called auxiliary discharge occurs. Whether or not 
this auxiliary discharge is allowed to proceed to a dis- 
play discharge between the first electrode 22 and the 
third electrode 24 is controlled by the presence or abs- 
ence of a pulse which causes an ignition at the second 
25 electrode. Since this auxiliary discharge does not 
excite the phosphor 26, the auxiliary discharge his no 
influence on fight emission for display. The state of 
discharge between the various electrodes will be des- 
cribed by reference to a time chart of Fig. 5. In Fig. 5, 
30 v\ indicates a waveform of a voltage applied to the 
first electrode lead wire, while 40 indicates a pulse for 
addressing a line on the gas discharge panel 3, and 
this pulse is called a first-electrode scanning pulse. In 
an example in Fig. 5, the pulse width of this first-el ec- 
35 trode scanning pulse is made equal to a length of time 
A allotted for addressing a line. For instance, if a scan- 
ning time of each line is 1 H, 240 lines are provided 
in one field (the number of lines in the upper half of a 
2-Iine-at-a-time addressing type panel), and an 8-bit 
40 tone display described by reference to Fig. 1 is done, 
the pulse width A is approximately equal to 8 us. Vs 
indicates a waveform of a pulse voltage applied to a 
second-el ectrodge lead wire, and a pulse 41 indicates 
a second-electrode pulse, the pulse width of which is 
45 narrower than the first-electrode scanning pulse 40 
and the second-electrode pulse is located near the 
rear end of the pulse width A. This second-electrode 
pulse 41 wDI be present or absent depending on the 
contents of a television signal, that is, whether or not 
50 the bit signal is "1" or "0". V A indicates a waveform of 
a pulse voltage applied to third-electrode lead wires. 
For a first-electrode lead and a third-electrode lead, 
which have the same line number, narrow-width 
pulses 42, 43, which are to be applied to the third- 
55 electrode lead, are applied just after a first-electrode 
scanning pulse 40 to a number of pulses decided 
according to the number of bits for tone display. 

Description will now be made of the operation of 
a gas discharge luminous element 30 in relation to the 
periods I, II, and III In Fig. 5. When a first-electrode 
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scanning pulse 40 is applied, in the period l, discharge 
occurs between the first electrode and the second 
electrode. This is called auxiliary discharge. The dis- 
charge path occurs in an auxiliary discharge space 27 
shown in Fig. 4. Since there is no phosphor applied to 
the internal walls of the space 27 and the space is 
located hidden from the front face of the panel, dis- 
charge in this space has little influence on the quality 
of the displayed picture. In the period II in which a 
pulse 41 is applied to the second electrode, a potential 
difference between the first electrode and the second 
electrode becomes small, with the result that dis- 
charge between the first electrode and the second 
electrode stops. However, since auxiliary discharge 
has occurred in the period I, there are lots of space 
charges in the period IJ In the vicinity of the first elec- 
trode, and therefore, discharge takes place between 
the first electrode and the third electrode. The transfer 
of discharge from the second electrode to the third 
electrode Is here referred to as switching. When this 
switching occurs, many charged particles are pro- 
duced in the discharge path (the display discharge 
space 25 in Fig. 4) between the first electrode and the 
second electrode. 

In the period III, a pulse 42 with a narrow pulse 
width is first applied to the third electrode. Since there 
are many charged particles In the display discharge 
space 25 due to switching In the period 11 mentioned 
above, this pulse 42 causes a pulse-like discharge to 
occur between the first and third electrodes. By this 
pulse-like discharge, more charged particles are pro- 
duced in the display discharge space 25. The next dis- 
charge causes discharge to occur. As described 
above, In the period III, discharge is maintained while 
pulses are applied successively or until a new pulse 
voltage is applied to the first electrode. This function 
is called a pulse memory function. By this pulse dis- 
charge, the phosphor 26 shown in Fig. 4 is excited to 
emit light for display. 

In order notto cause light emission for display, the 
pulse 41 shown in Fig. 5 which is to be applied to the 
second electrode is removed. In this case, switching 
is not performed and discharge does not occur be- 
tween the first and third electrodes, so that there are 
not many charged particles in the display discharge 
space 25. Therefore, even If pulses 42, 43 are applied 
to the third electrode, discharge does not occur, and 
the phosphor 26 in Fig. 4 is not excited, either. 

Thus, the pulse 41 , which is applied to the second 
electrode, performs a role to control discharge be- 
tween the first and third electrodes, and the display 
brightness is controlled arbitrarily by the presence or 
absence of this pulse. 

Fig. 6 Is a time chart for explaining a method of 
tone display in 256 levels on the gas discharge panel 
3 by 8-bit binary codes. This time chart is an enlarged 
view of one field (about 1/60 sec ■ 16.7 msec for 
NTSC television signals) shown in Fig. 1, and shows 



the waveform of voltage V k applied to the first elec- 
trode and the waveform of voltage V A applied to the 
5 third electrode. To the first electrode, eight scanning 
pulses 40 (bp, b1, ... b6, b7) corresponding to the bits 
in one field are applied at time intervals proportional 
to bit weights. Pulses 42 applied to the third electrode 
start just after a scanning pulse 40 is applied and end 
10 before the next scanning pulse 40 is given. The num- 
bers of pulses 42 at the respective bits bO, M, ... b6, 
b7 are proportional to bit weights, and if the time inter- 
val ratio is 1 ; 2 : 4 : 8 ... : 128, a tone display by a 
maximum of 256 levels can be achieved by combining 
15 pulses at all those bits. Whether or not discharge is to 
be caused to occur by the respective pulse trains 
applied to the third electrode Is decided by the pre- 
sence or absence of a pulse (41 in Fig. 5) applied to 
the second electrode, which pulse reacts with scan- 
20 ning pulses at the bits b0, b1 , ... b6, b7 to give off dis- 
charge. If light emission in the middle period II in Fig. 
5 is not negligible, by taking the brightness resulting 
from this into account the number of pulses applied 
to the third electrode are distributed. If an absolute 
25 value of the number of pulses applied to the third elec- 
trode is decided such that a period from the leading 

end of bO to the trailing end of b_6 ta Fig. 6 is about 3JSL 

msec, the above-mentioned critical fusion period Is 20 
(3.3 + 16.7) msec, so that the disturbance in tone dis- 
so play in a moving picture is eliminated. 

In the first embodiment shown in Figs. 1 and 6, the 
whole display time In a field Is made shorter than a 
field by making the time interval from the light emis- 
sion start time at a bit where the first light emission 
35 occurs in a field till the light emission start time at a 
bit where the last light emission occurs In the next field 
shorter than the critical fusion period of the perception 
characteristic of human eyes. However, in order to 
expand the light emission time, it is possible to obtain 
40 the same effects by dividing time of at least one bit of 
the bits constituting a binary code into smaller time 
domains and controlling light emission so that light 
emission occurs at resulting time domains at different 
times. 

45 Figs. 7 end 8 show time charts for explaining sec- 
ond and third embodiments of the method of tone dis- 
play according to this invention. 

In the second embodiment of Fig. 7, a signal to be 
displayed is coded in an 8-bit form (bO, b1, ... b7), the 

so most significant bit b7 is equally divided into b7 n and 
b7 2 , and light emission time domains of b7 t and b7 2 
are allotted to the leading end and the trailing end of 
a field. The order of light emission at the respective 
bits Is b7 1t bO, b1, b2, ... b5, b6, b7 2 {The order may 

55 be in reverse as b7 1f b6, b5, b1, bO, b7j). In this 
case, the first bit in a field is bO and the last bit In the 
next field is b6. The time interval of the light emission 
start times between those two bits Is 20.8 msec. 
Nonetheless, a better picture quality of moving pic- 
tures can be obtained. According to the second embo- 



7 



11 



EP0444 962A2 



1? 



dimerrt, in a display device of the same construction 
as in Fig. 2, for the time of one field (about 1/60 sec 
for NTSC television signals), scanning pulses 40 cor- 
responding to nine bits b7 1t bO, b1, ... b6 t b7 2 are 
applied to the fast electrode. Pulses 42 applied to the 
third electrode start just after a scanning pulse 40 is 
applied and end before the next scanning pulse 40 
comes. As for the numbers of pulses at the respective 
bits, if time of b7 is equally divided Into b7 n and b7 2 , 
the pulse number ratio among the bits b7 1t b0 t b1, ... 
b6, b7 2 is 64 : 1 : 2 : 4 : 8 ... : 64 : 64. In this case, to 
turn ON b7 (pulse number ratio 128/256, b7 «= b7, + 
b7a), b7\ and b7 2 are turned ON. Whether or not dis- 
charge is to be caused to occur by the respective 
pulse trains applied to the third electrode is decided 
by the presence or absence of a pulse (40 in Fig. 5) 
applied to the second electrode, which reacts with 
scanning pulses to the bits b7 1f b0, b1, b7 2 as men- 
tioned above. If the scanning time of each line is 1H 
and 240 lines (the number of lines in the upper half of 
the 2-llne-at-a-time addressing type panel) are 
addressed in one field and It is necessary to control 
nine time domains, b7 1f bO, b1, ... b6, b7 2 for light 
emission, the first electrode scanning pulse width A is 
1 H/9 = 7.05^s.~ ' ' " 

If a vertical fly-back time is utilized, the scanning 
pulse width A is 1 field/(240 x9) = 7.72 us. 

In a third embodiment shown in Fig. 8, a signal to 
be displayed is coded in an 8-bit form (bO, b1, ... b7), 
time of two bits, b6 and b7 Is respectively equally 
divided Into b6 1v b6 2 and..b7i. b7 2 , b6i.and b7, are 
arranged at the beginning and b6 2 . b7 2 are arranged 
at the end of a field, and the order of light emission in 
a field is b6 1t b7 1t bO, b1, b2, b3, b4, b5, b62, b7 2 . In 
this case, the first bit is one field is bO, while the last 
bit in the next field Is b5. The time interval of the light 
emission start times between those two bits is 18.8 
ms, and therefore, is shorter than the critical fusion 
period (20 msec). In this third embodiment the first 
electrode scanning pulses applied in one field is ten 
In each line, and the pulse width is 1 H/10 * 6.3 us. If 
a vertical fly-back time is utilized, the pulse width A is 
nearly equal to 6.0 (is. 

Fig. 9 Is a block diagram showing an arithmetic 
circuit by which arithmetic operations are performed 
by using field memories 91, 92 and three bits b7 1( b7 2 , 
and b6 are controlled to further improve the picture 
quality In the second embodiment If b7 is equally 
divided into b7, and b7 2t b6, b7 t and b7 2 each have 
the same light emission time length (the number of 
pulses applied to the third electrode). In this case, if 
b6 = 1 and b7 = 0, It is only necessary to turn ON any 
one of b7 1f b7 2 , and b6. If b6 = 0 and b7 e 1 , it Is only 
necessary to turn ON any two of b7 1t b7* and b6. At 
this time, while bft to turn ON is decided according to 
the states of b6, b7 1v and b7 2 In the previous field. For 
example, suppose that the second field is in the light 
emitting state in relation to Fig. 9. Under this condition, 



to which state ON or OFF, b6, b7, and b7 2 are turned 
Is decided by means of an arithmetic circuft 93 which 
5 compares signals in the previous field memory 91 and 
the current field memory 92 according to tables of 
Figs. 10a and 10b. Fig. 10a shows values of b6, b7 t . 
and b7 2 when the second field has changed to b6 = 0 
and b7 = 1 while b6 = 1 and b7 * 0 are In the first field. 
10 This table, however, shows the conditions of bO to b5, 
and the X indicates that "don't care" the value of A. 
Conversely,. Fig. 10b shows that the second field has 
changed to b6 = 1 and b7 = 0 while b6 = 0 and b7 = 
1 are in the first field. As described above, by control- 
f 5 ling b6, b7 1v and b7 2 according to the signal states In 
the previous field, the picture quality of moving pic- 
tures can be improved remarkably by dispersing the 
light emission time. When b6 » 0 and b7 = 0 change 
to b6 = 1 and b7 = 0 or b6 » 0 and b7 = 1, values of 
20 b6, b7 1f and b7 2 are selected according to the state 
of A. Though description has been made of b7, when 
two or more bits are divided, divided bits can be con- 
trolled according to the previous light emission state. 
In the embodiments shown In Figs. 7 to 10, only cases 
25 wherein b7 or b6 and b7 are divided are shown, but 
other bits may be divided. 

Rg] Tl~te~a time chart for explaining a fourth 
embodiment of the method of tone display according 
to this invention. This fourth embodiment shows a 
30 case in which all bits bO to b7 are used twice for dis- 
play in one field, thereby improving the picture quality. 
When display time of all bits is bisected and used for 
display, the first electrode scanning time A in Fig. 5 is 
about 4 ys. In the case of Fig. 11, two sets of bits bO 
35 to b7 may be used for the same display. As will be des- 
cribed by reference to Fig. 12, If one of two sets of bO 
to b7 is used for field-interpolated signals, the picture 
quality of moving picture will be improved. 

Fig. 12 shows a circuit by which signals 121 for 
40 each field are stored alternately Into a first field mem- 
ory 123 and a second field memory 124 by means of 
a switch 122. Signals from the two memories 123 and 
124 are supplied to an interpolation memory 125 
where signals are interpolated and stored. Signals 
45 127 of bO to b7 of every half field are outputted by 
means of a switch 126 from the interpolation memory 
125. 

Preferred embodiment of this invention has been 
described, but this invention is not limited to the embo- 

50 diments described. 

In the foregoing embodiments, the luminous ele- 
ments are caused to emit light when the bfts are "1", 
However, needless to say, the luminous elements 
may be arranged to emit light when the bits are "0". 

55 In the methods of tone display using the bits of 
binary light emission signals in the embodiments 
shown in Figs. 1, 7 and 8, if light emission is caused 
to occur In the order of b7, b6, ... bO, obtained by time 
reversal, the same effects can be achieved. Theref- 
ore, It Is possible to operate this invention in such a 
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mode of embodiment 

According to this invention, by making shorter the 
time interval of the light emission start times between 
the bit where the first light emission occurs in one field 
and the bit where the last light emission occurs in the 
next field than the critical fusion period of the percep- 
tion characteristic of human eyes, the disturbances in 
the tone display can be reduced in large pictures, 
high-brightness pictures or moving pictures. Another 
effect of this invention is that if one or more bits having 
greater weights of a binary light emission code are 
divided and separated on a time base end applied to 
the luminous elements to cause them to emit light 
separately, the disturbance in tone display can be 
reduced without decreasing the brightness and thus, 
the display quality is improved. 



Claims 

1 . A method of tone display for controlling the bright- 
ness of a picture to be displayed by varying lumi- 
nous times of luminous elements (30; Fig. 4) 
forming a display panel (3), comprising the steps 
of: •-- - - - - 

dividing time corresponding to a field of 
television signals Into a plurality of sub-field (bO to 
b7) corresponding to bits of a multiple-bit code 
representing a level of brightness of each lumin- 
ous element, and allotting said sub-fields to said 
luminous elements, said plurality of sub-fields 
having lengths of time proportional to weights of 
corresponding bits; 

consecutively supplying said luminous 
elements with said multiple-bit codes; 

causing said luminous elements to emit 
light in sub-fields corresponding to said bits, hav- 
ing either "1" or "0*, of said multiple-bit codes, 

wherein for each luminous element, a time 
interval (Tm) from a light emission start time at a 
sub-field where the first light emission occurs in 
a time corresponding to a field till a light emission 
start time at a sub-field where the last light emis- 
sion occurs in a time corresponding to the next 
field is made shorter than the critical fusion period 
of the perception characteristic of human eyes. 

2. A method of tone display according to Claim 1, 
wherein said critical fusion period of the percep- 
tion characteristic of human eyes is substantially 
20 msec. 

3. A method of tone display according to Claim 1, 
wherein said time interval is substantially 20.8 
msec or less. 

4. A method of tone display according to Claim 1, 
wherein at least one of said sub-fields is divided 



into two or more time domains arranged with at 
least one subfield sandwiched therebetween, 
6 thereby making it possible to cause each lumin- 

ous element to emit light two or more times in a 
field. (Figs. 7, 8) 

5. A method of tone display according to Claim 4, 
10 wherein lengths of time of said two or more time 

domains (b7 1( b7 2 ; b6,, bS£ ere equal. 

6. A method of tone display according to Claim 4, 
wherein at least one of said sub-fields which is 

15 divided into two or more time domains includes 
the most significant bit (b7) of said multiple-bit 
code. 

7. A method of tone display according to Claim 1 
20 wherein a plurality of sets of said sub-fields are 

provided in a time corresponding to a field. (Fig. 
11) 

8. A luminous display device comprising: 

25 a display panel (3) having arranged the- 

reon a plurality of luminous elements (30; Fig. 4), 
light emission or no light emission of said lumin-- . 
ous elements being controllable; 

means (2, 4 to 6) for consecutively supply- 

30 ing luminous elements with multiple-bit codes 

representing levels of brightness thereof, 

means (8 to 1 1 , 13 to 20) for dividing time 
corresponding to a field of television signals into 
a plurality of sub-fields (bO to b7) having lengths 

35 of time proportional to weights of corresponding 
bits of a multiple-bit code to assign said sub-fields 
to said luminous elements; 

means (8 to 1 1 , 13 to 20) for causing said 
luminous elements to emit light in sub-fields cor- 

40 responding to said bits, having values of either "1" 
or "0", of said multiple-bit codes; 

wherein for each luminous element a time 
interval (Tm) from a light emission start time at a 
subfield where the first light emission occurs In a 

4$ time corresponding to a field till a light emission 
start time at a sub-field where the last light emis- 
sion occurs in a time corresponding to the next 
field is made shorter than the critical fusion period 
of the perception characteristic of human eyes. 

50 

9. A luminous display device according to Claim 8, 
wherein said critical fusion period of the percep- 
tion characteristic of human eyes is substantially 
20 msec. 

55 

10. A luminous display device according to Claim 8, 
wherein said time interval is substantially 20.8 
msec or less. 

1 1. A luminous display device according to Claim 8, 
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wherein at least one of said sub-fields which is 
divided into two or more time domains arranged 
with at least one sub-field sandwiched therebet- s 
ween, thereby making ft possible to cause each 
luminous element to emit light two or more times 
in a field. (Figs. 7, 8) 

12. A luminous display device according to Claim 11, 10 
wherein lengths of time of said two or more time 
domains (b7 1t b7 2 ; b6 1t b$a) are equal. 

13. A luminous display device according to Claim 8, 
wherein two sets of said sub-fields are provided is 
in a time corresponding to a field. (Fig. 11) 

14 A luminous display device according to Claim 13, 
wherein to one of said sets of sub-fields, interpo- 
lation signals of said multiple-bit codes in said two 20 
consecutive fields are given. 

15. A luminous display device according to Claim 8 f 
wherein said luminous elements are formed by 

gas discharge luminous elements having mem- 25 
ory functions. - 

16. A luminous display device according to Claim 1 1 , 
wherein said luminous elements are formed by 

gas discharge luminous elements having mem- 30 
ory functions. 

17. A luminous display device according to Claim 13, 
wherein said luminous elements are formed by 

gas discharge luminous elements having mem- 35 
ory functions. 
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FIG. 9 
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